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Abstract:  This report describes the development and simulation of a variable rate controller for a 6-degree of freedom 
nonlinear model. The variable rate simulation model represents an off the shelf autopilot. Flight experiment involves risks 
and can be expensive. Therefore a dynamic model to understand the performance characteristics of the UAS in mission 
simulation before actual flight test or to obtain parameters needed for the flight is important. The control and guidance is 
implemented in Simulink. The report tests the use of the model for air search and air sampling path planning. A GUI in 
which a set of mission scenarios, in which two experts (mission expert, i.e. air sampling or air search and an UAV expert) 
interact, is presented showing the benefits of the method. 
 
 
1. Introduction  
 
Unmanned Aerial Systems (UAS) have been considered for several civilian applications including air sampling and air 
search missions[1]. Flight test of UAVs can be expensive and involve number of risk. Methods for reducing the need of 
flight test such as simulation is an important field of research [2-5].  One of the main issues for a comprehensive 
simulation is how to model an off-the-shelf autopilot. In this research we use a variable rate controller that simulates and 
represents a commercial off-the-shelf autopilot [6]  
 
The methodology followed in this research was to first measure the geometry of UAV and develop a dynamic model of 
the UAV (to compute aerodynamic coefficients and to analyze the stability); then analyze open-loop, followed by analyze 
trim and closed-loop, implementing waypoints planner - tracking error, using and controlling the mission through Point 
click GUI application to visualize the results of the mission; the UAS expert analyzes UAS performance and the Air 
search/Air sampling expert analyzes suitable path. The 6 dof model is developed for ARCAA's Flamingo UAS [7]. 
 
The rest of the report is organized as follows: section 2 focuses on the 6-dof model, section 3 focuses on air search and air 
sampling, section 4 focuses on the simulated flight test and section 5 discusses conclusions and future research  
 
2. 6-DOF Model  
 
The 6-dof model was created using flight control theory [8-10] and the Aerosim Mat-lab Simulink [11]. Figures 1-4 show 
the different blocks of the model that use an input le with the aerodynamic coefficients, the propeller and engine data and 
the value of the mass and of the inertia. The body- fixed coordinate system origin is chosen as the convention: x -axis 
through the nose, y through the right wing and z vertically downwards. It is fixed in the hub of the propeller. 
 
3. Air Search and Air Sampling 
 
The guidance through waypoints is applied to air search and air sampling missions. In both cases the capability of the 
model to simulate a path planning before sending the aircraft on the actual mission is of primary importance.  In fact in 
that way it is possible to change the paths and choose among different types of trajectory and strategy, considering the 
response of the vehicle and the type of sensor in each situation. 
 
3.1 Air Search 
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Australia coordinates its search and rescue missions through the Rescue Coordination Centre (RCC) [12, 13]. CASA 
regulations [14] and government procedures  such as the Aeronautical Information Publication (AIP) and Enroute Service 
Australia (ERSA) is a package of documents which provides operational information necessary for the safe and efficient 
conduct of national (civil) and international air navigation throughout Australia and its Territories. One section of the 
ERSA details "Aircraft Emergency Procedures" which provides the information about the air search patterns to follow 
during an air search.  
 
There are a number of air search patterns tested in this research, but only three are described in this report: tracking 
search, creeping track search and square search. The main points along the search object's track line are required as an 
input. The output is a path that follows some waypoints to the left and to the right of the input line (Figure 5).  
 
The inputs are the initial point, the parameter s and a second point to de ne the radius of the search. 
 
In this type of search the help of the software to generate the waypoints for the autopilot automatically to follow the path 
if is very useful. It is also useful for a manned aircraft because of the difficulty to cross the center of the search precisely 
(Fig.5). 
                                                                  
   
 
 
 
 
 
 
 
 
 
 
Fig. 5: Sector Search – Trajectory 
3.2 Air Sampling 
 
Another possible application of the model is to use a UAV to conduct an air sampling mission. The measurement and 
evaluation of a representative sample air to determinate quantities and types of atmospheric contaminants. It is quite 
important with new regulation on reduction on carbon emission, volcanic eruptions such as the one in Iceland (2010) or 
the recent nuclear plant at the Japan Tsunami (2011) or to monitor air for spores in or-der to quarantine crop fields. 
 
For this type of analysis the UAV can follow a similar path as to the air search patterns in the previous subsection.  
Another possible scenario is a vertical distribution. In this case it is necessary to change the shape of the path into an 
ellipsoidal shape (Figure 6). Every time that the vehicle passes through a vertical line the sensor can record the data. 
 
 
4. Test Cases  
 
The application of the GUI and Google Earth is demonstrated through some examples in Australia. In a typical case there 
are a UAV expert and a mission expert (that changes with the type of mission, so an air sampling or an air search expert). 
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Fig. 6: Air Sampling – Trajectory  
 
The application consists of 6 steps: 
 
1. Mission expert: Opens Google Earth and chooses the area of application selecting the reference waypoints (in clock 
ways order); 
2. Mission expert: saves them in the same folder of Matlab scripts; 
3. UAV expert: Opens Matlab, chooses the time of simulation and the air sampling/air search parameter "s" in 
consultation with Mission Exptert; 
4. UAV expert: uses the Point click application: 
- Chooses between an Air Search or Air Sampling mission;  
- If Air Search he/she selects one of the six di erent path, or the ellipsoidal path for Air Sampling;  
- Plot the results. 
5. UAV expert: checks the results on speed, Euler's angles, crosstrack error, altitude on the visualization window; 
6. UAV expert: plots the results and exports them in Google Earth for a better visualizations of the trajectory. 
 
Two examples for air search and one for air sampling are considered to illustrate the benefits on the use of this high level 
control and GUI. One in Kingaroy, one in Woolcunda and one in East Timor. 
 
Some areas of applications are: 
 
Lake Woolcunda: an air search with a square path to the right, simulated for 1600s, with s = 0:005 =180 as shown in  
Figures 7 and 8. 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 7: Outputs - Point click application. 
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Fig, 8: Outputs - Google Earth. 
Considering an example of the air sampling application at Kingaroy-Burrandowan Rd, Chahpingah Queensland 4610, 
Australia; simulated for 1600s, with s = 0:005 =180 (Figures 9 and 10): 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 9: Outputs - Point click application 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 10: Outputs - Google Earth 
 
 
5. Conclusions 
 
In this report the development of a variable rate controller and its application to guidance and control of an Air Search/ 
Air Sampling UAV was developed. 
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Aerodynamic and stability derivatives, open loop, trim, closed loop and guidance for the controller was developed. The air 
sampling and air search examples show how the controller follows the path precisely. The GUI provides a higher level of 
mission control. 
 
Future works focuses on multiple UAV control. 
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Fig. 1: Simulink model for the Open loop simulation. 
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Fig. 2: Guidance Simulink model - Autopilot. 
 
 
Fig. 3: Closed-loop Simulink model. 
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Fig. 4: Closed-loop - Simulink's controllers autopilot. 
 
 
 
 
